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Abstract Motivated by Granda and Oliveros (GO) model, we generalize their work to the
non-flat case. We obtain the evolution of the dark energy density, the deceleration and the
equation of state parameters for the holographic dark energy model in a non-flat universe
with GO cut-off. In the limiting case of a flat universe, i.e. k = 0, all results given in GO
model are obtained.
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1 Introduction

Type la supernovae observational data suggest that our universe is experiencing an accel-
erated expansion driven by an exotic energy with negative pressure which is so-called dark
energy (DE) [1-4]. However, the nature of DE is still unknown, and people have proposed
some candidates to describe it. The cosmological constant, A, is the most obvious theoret-
ical candidate of DE, which has the equation of state w = —1. Astronomical observations
indicate that the cosmological constant is many orders of magnitude smaller than estimated
in modern theories of elementary particles [5]. Also the “fine-tuning” and the “cosmic co-
incidence” problems are the two well-known difficulties of the cosmological constant prob-
lems [6].

There are different alternative theories for the dynamical DE scenario which have been
proposed by people to interpret the accelerating universe. (i) The scalar field models of
DE including quintessence [7, 8], phantom (ghost) field [9-11], K-essence [12—14] based
on earlier work of K-inflation [15, 16], tachyon field [17-23], dilatonic ghost condensate
[24-26], quintom [27-29], and so forth. (ii) The DE models including Chaplygin gas [30,
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31], braneworld models [32, 33], agegraphic DE models [34, 35], and f (R)-gravity models
[36-44], etc.

Recently, a new DE candidate, based on the holographic principle, was proposed [45—
47]. According to the holographic principle, the number of degrees of freedom in a bounded
system should be finite and has relations with the area of its boundary [48, 49]. In quantum
field theory a short distance (UV) cut-off A is related to a long distance (IR) cut-off L due to
the limit set by formation of a black hole, which results in an upper bound on the zero-point
energy density [50]. By applying the holographic principle to cosmology, one can obtain
the upper bound of the entropy contained in the universe [51]. Following this line, Li [52]
argued that for a system with size L and UV cut-off A, it is required that the total energy
in a region of size L should not exceed the mass of a black hole of the same size, thus
L3pp < LM3%, where p, is the quantum zero-point energy density caused by UV cut-off A
and M p is the reduced Planck Mass M > = 87 G. The largest L allowed is the one saturating
this inequality, thus p, = 3¢2M3 L =2, where c is a numerical constant. Recent observational
data, which have been used to constrain the holographic DE model, show that for the non-
flat universe ¢ = 0.815%011 [53], and for the flat case ¢ = 0.818™0 33 [54]. Also Li [52]
showed that the cosmic coincidence problem can be resolved by inflation in the holographic
DE model, provided the minimal number of e-foldings [52]. The holographic models of
DE have been studied widely in the literature [55-75]. As we mentioned before, the UV
cut-off is related to the vacuum energy, and IR cut-off is related to the large scale of the
universe, for example Hubble horizon, future event horizon or particle horizon. Taking L as
the size of the current universe, for instance, the Hubble scale, the resulting energy density is
comparable to the present day DE. However, as found by Hsu [76], in that case, the evolution
of the DE is the same as that of dark matter (dust matter), and therefore it cannot drive the
universe to accelerated expansion. The same appears if one chooses the particle horizon of
the universe as the length scale L [52]. An interesting proposal is made by Li [52]: Choosing
the event horizon of the universe as the length scale, the holographic DE not only gives the
observation value of DE in the universe, but also can drive the universe to an accelerated
expansion phase. In that case, however, an obvious drawback concerning causality appears
in this proposal. Event horizon is a global concept of space—time; existence of event horizon
of the universe depends on future evolution of the universe; and event horizon exists only
for universe with forever accelerated expansion. This motivated GO [77] to propose a new
infrared cut-off for the holographic DE, which besides the square of the Hubble scale also
contains the time derivative of the Hubble scale. This model depends on local quantities and
avoids the problem of causality which appears using the event horizon area as the IR cut-off.
They obtained the evolution of both the deceleration and the equation of state parameters
for this model in a flat universe.

Besides, as usually believed, an early inflation era leads to a flat universe. This is not a
necessary consequence if the number of e-foldings is not very large [78]. It is still possi-
ble that there is a contribution to the Friedmann equation from the spatial curvature when
studying the late universe, though much smaller than other energy components according to
observations. Therefore, it is not just of academic interest to study a universe with a spatial
curvature marginally allowed by the inflation model as well as observations. Some experi-
mental data have implied that our universe is not a perfectly flat universe and that it possesses
a small positive curvature [79-83]. The tendency of preferring a closed universe appeared
in a suite of CMB experiments [84—87]. The improved precision from WMAP provides fur-
ther confidence, showing that a closed universe with positively curved space is marginally
preferred [88-93]. In addition to CMB, recently the spatial geometry of the universe was
probed by supernova measurements of the cubic correction to the luminosity distance [94,
95], where a closed universe is also marginally favored.
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All mentioned in above motivate us to consider the holographic DE model with the new
infrared cut-off proposed by [77] and extend their work to a non-flat case. To do this, in
Sect. 2, we obtain the evolution of the DE density, the deceleration and the equation of
state parameters for the holographic DE model given by [77] in the context of the non-flat
universe. In Sect. 3, we give numerical results. Section 4 is devoted to conclusions.

2 Holographic DE in Non-flat FRW Universe with GO Cut-off
Following GO [77], the holographic DE density is given by
pa=3(@H* + BH), M

where o and $ are constants. GO [77] argued that since the underlying origin of the holo-
graphic DE is still unknown, the inclusion of the time derivative of the Hubble parameter
may be expected as this term appears in the curvature scalar, and has the correct dimen-
sion. This kind of density may appear as the simplest case of more general f(H, H) holo-
graphic density in the FRW background. Comparing (1) with the holographic DE density
pa = 3c¢>M?%L~% shows that the corresponding IR cut-off L for the model (1) is

L=H"" 1+’3H o 2
(2

which depends on local quantities and avoids the problem of causality which appears using
the event horizon area as the IR cut-off. For the special case 8 = 0, equation (2) yields the
Hubble horizon as the IR cut-off, i.e. L = H~!.

The first Friedmann equation in non-flat universe is given by

1
HZ:g(pm+pr+pA+pk), A3)

where we take 87G = 1 and p, = —3k/a®. Parameter k denotes the curvature of space
k=0,1,—1 for a flat, closed and open universe, respectively. Let us define the current
densities parameters for ay = 1 as usual

_ Pmy Pro _ Pag Pk k

Qmy =775 0= 37,2 A= T2 k=352 = "2
0 0 0 0 3H02 HOZ’

, . , 4
3H} 3H? 3H? @

where these densities satisfy Qp,, + 2, + 24, + €k, = 1. A closed universe with a small
positive curvature (2, ~ —0.015) is compatible with observations [79-83].
Now we can rewrite the first Friedmann equation in terms of x =1Ina as

B dH?

72 —3x —4x —2x 72
H=Que ™ + Qe ™ + Qe ™ +aH" + DR (5)
where H = Hio is the scaled Hubble expansion rate and Hy, is the present value of the Hubble
parameter (for x = 0).
Solving (5), we obtain
72 — 72 Qe + 7] Qe + 71 Qe > + Ce @ D/B
38—2a+2" 2B—a+1""° B—a+1 0 ’

(6)
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where C is an integration constant. From (1) and (6), the scaled holographic DE density,

oA = %, can be obtained as
=0

_ 3f—2a
T 20—38-2

28—«
a—28-1

p—a

Qr0674x + o — ‘3 -1

Qk0672x + Cefbc(afl)/ﬂ'

i @)
Using (6) and (7), the DE density parameter, Q25 = p5/3H 2 = j,/H?, can be obtained in
terms of redshift z = % —1las

P Qmo 673)( +

2(a—1)
i Qg (142 + 2500 (142 4+ 550, (1427 + C(L+2) 7

Q, = 232 a—2p—1 a—p—1
A= 2@-D °
352072 g (1 + 2% + 5575 Qi (1 + D) + 5 2 (1 + 22+ C(1 +2) 7
®)
Using (7) and the holographic DE conservation equation
~ - 1dpy
LY 9
Da Pr =3 ©
we obtain the DE pressure
. 20=38-2 | 5.0 28—« _ p—a _
_ Ce2@=D/B 4 Qe ——— Qe . (10
pa 38 ¢ 3a—2p-1 ¢ T3g_arn e - (10

Note that for the special case § = 0, using (7) and (10), the equation of state (EoS) parameter
of the DE, wp = pa/pa, is obtained as

B Qy (1 +2)* — @ (1 +2)
3[Qmy (142> + Qi (1 + 2% + Qi (1 + 221

an

WA
which shows that neglecting the contributions from radiation and curvature, i.e. Q) =
Qy, = 0, yields the pressureless DE, i.e. wy = 0, where its EoS behaves like the (dark
matter) dust matter. This result is same as that obtained by Hsu [76] for the holographic
DE model with the IR cut-off L = H~!. Therefore choosing the Hubble horizon as the IR

cut-off cannot drive the universe to accelerated expansion.
Using px = px/3H§ = Qx,a~* and the continuity equation for the curvature

. . ldpg
=—pk—=—, 12
Pe=—p =30 (12)
we obtain the curvature pressure
- 1 Y
Pe=—3 Qyya (13)

By considering pa, = wopa, = @o2a,, ONE can obtain the following relations between the
three constants «, 8 and C appeared in (7) and (10) as

20,
= Qa1+ B3ty + 42, + 301+ 00)S2ny + 2500, — 3]
.\ 29,
2(Qp, — D + BBRm, +42, +3(1 + wp) 2y, + 282, — 4]
29,

n G
2(Qp, — 1) + B[3R2m, + 482, + 3(1 4+ wo) 24, + 282, — 2]
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and

1
o= E[ZQAO + B(3Qum, + 4, + 3(1 + @0) R4, + 29, |- (15)

The deceleration parameter is given by

3< Pr+ DA + Px )

1
g=z+s|l=—7——————= (16
2 Pm + Or + pa + Pk

2

where p,, = 0 for dust matter, p,, = pm/3H02 = Qmoa‘3, pr = ,or/3H§ = Qroa‘4, and p, =
%Qroa*“. In what follows we neglect the contribution from radiation, i.e. &, =0.

Note that if one set £y, = 0, then (6), (7), (10), (14) to (16) reduce to (2.5), (2.6), (2.8)
to (2.11) in [77], respectively.

3 Numerical Results

The evolution of the DE density parameter €2, given by (8), the declaration parameter g
given by (16) and the EoS parameter ws = pa/pa, using (7) and (10), are displayed in
Figs. 1-5. Figures 1 to 2 present the evolution of the DE density parameter 2, and the
declaration parameter g versus redshift z for open (£2y, = 0.015), flat (2, = 0.0) and closed
(2y, = —0.015) universes with 8 = 0.5. Choosing a non-flat universe with €, = —0.015 is
compatible with the recent observations [79-83]. Our numerical results in Figs. 1 to 2 show
that in the presence of small curvature (2, = :0.015), the average difference between the
non-flat and the flat cases is order of 1072,

Figure 3 shows the evolution of the deceleration parameter versus redshift for closed
(2x, = —0.015) universe with the three different values of 8. Note that Fig. 3 clears that for
B =0.5 and 0.7, the values of the transition redshift zr same as the flat case (2y, = 0.0) in
[77], are consistent with the current observational data.

Figure 4 presents the evolution of the EoS parameter w, versus redshift z for open (€2, =
0.015), flat (€2, = 0.0) and closed (L2, = —0.015) universes with 8 = 0.5. Figure 4 same as
Fig. 2 shows an average difference O (1072) between the non-flat and the flat cases. Figure 4
shows that for the closed universe, the EoS parameter w, from nearly O at z >~ 4.4 to —1 at
z — 0, same as the flat case in [77] and open universe with i, = 0.015, behaves like some

Fig. 1 DE density parameter 0.8
versus redshift for open
(Qko =0.015), flat (Qk() =0.0) 0.7\

and closed (Qko =—0.015)
universes. Auxiliary parameters
are: wog = —1, QmO =0.27,
Qry =0,and B=0.5

0.4

0.3

0.2

0.1 ‘ ‘
0
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Fig. 2 Deceleration parameter 0.6
versus redshift for open

(R, = 0.015), flat (R, = 0.0)
and closed (Qko =—0.015)
universes. Auxiliary parameters
as in Fig. 1

1 2 3 4 5 6
z
Fig. 3 Deceleration parameter
versus redshift for closed - L ISR EE e
universe with Qy, = —0.015 and B
for the different values of §=0.3
(solid line), 0.5 (dash-dotted line) |
and 0.7 (dashed line). Auxiliary
parameters are: wy = —1,
Qmo =0.27, and Qro =0 7
Q =-0015
p=0.3
----- B=0.5
- = =p=07| |
_08 s s s s s
1 2 3 4 5 6
z
Fig. 4 EoS parameter versus 01
redshift for open (2, = 0.015), e 1
flat (O, =0.0)and closed | -7
(S, = —0.015) universes. ok T ==
Auxiliary parameters as in Fig. 1 _02k
-0.3
®-0.4F
-05F
06 p=05
07 - - -9 =0015
o8 QkD:O.O
0ot o == Q =-0.015] |
-1 L L L L 4
0 1 2 3 4 5 6
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Fig. 5 EoS parameter versus 0.2
redshift for closed universe with
Qk, = —0.015 and for the
different values of 8 = 0.3 (solid
line), 0.5 (dash-dotted line) and
0.7 (dashed line). Auxiliary
parameters as in Fig. 3

(2k0=—0.01 5 4

——p=0.3
————— B=0.5
- - -p=07

12 1 1 1 1 .
0 1 2 3 4 5 6

scalar filed models of DE. Figure 5 shows the evolution of the EoS parameter versus redshift
for closed (€2, = —0.015) universe with the three different values of .

4 Conclusions

We used a holographic DE model with new infrared cut-off proposed by GO [77], which
includes a term proportional to H. Contrary to the holographic DE based on the event hori-
zon, this model depends on local quantities, avoiding in this way the causality problem, and
solved the coincidence problem. Hence the proposed new infrared cut-off can be considered
as a viable phenomenological model of holographic density. We extended GO model [77]
to the non-flat case. However, some experimental data have implied that our universe is not
a perfectly flat universe and that it possesses a small curvature (€2, ~ —0.015) [79-83].
Although it is believed that our universe is flat, a contribution to the Friedmann equation
from spatial curvature is still possible if the number of e-foldings is not very large [78]. We
obtained the evolution of the DE density parameter €24, the declaration parameter ¢ and the
EoS parameter w, for a non-flat universe. In the limiting case of a flat universe, the results
are in exact agreement with those obtained by GO [77]. Our numerical results show that

(i) for the non-flat universe with small curvature (2, = £0.015), the DE density, the
declaration and the EoS parameters show an average difference O (10~2) in comparison
with the flat case;

(ii) for the closed universe with 2, = —0.015 and for the declaration parameter with 8 =
0.5 and 0.7, the values of the transition redshift zt same as the flat case are consistent
with the current observational data;

(iii) for the closed universe with Q, = —0.015, the EoS parameter w, for 0 <z < 4.4,
same as the flat and open (€2, = 0.015) cases, behaves like some scalar filed models
of DE.

Acknowledgements The authors thank the reviewers for very valuable comments. This work has been
supported financially by Research Institute for Astronomy & Astrophysics of Maragha (RIAAM), Maragha,
Iran.

@ Springer



Int J Theor Phys (2010) 49: 1118-1126 1125

References

XN A WN —

. Riess, A.G., et al.: Astron. J. 116, 1009 (1998)
. Perlmutter, S., et al.: Astrophys. J. 517, 565 (1999)

de Bernardis, P, et al.: Nature 404, 955 (2000)

. Perlmutter, S., et al.: Astrophys. J. 598, 102 (2003)

. Weinberg, S.: Rev. Mod. Phys. 61, 1 (1989)

. Copeland, E.J., Sami, M., Tsujikawa, S.: Int. J. Mod. Phys. D 15, 1753 (2006)

. Wetterich, C.: Nucl. Phys. B 302, 668 (1988)

. Ratra, B., Peebles, J.: Phys. Rev. D 37, 321 (1988)

. Caldwell, R.R.: Phys. Lett. B 545, 23 (2002)

. Nojiri, S., Odintsov, S.D.: Phys. Lett. B 562, 147 (2003)

. Nojiri, S., Odintsov, S.D.: Phys. Lett. B 565, 1 (2003)

. Chiba, T., Okabe, T., Yamaguchi, M.: Phys. Rev. D 62, 023511 (2000)

. Armenddriz-Picén, C., Mukhanov, V., Steinhardt, P.J.: Phys. Rev. Lett. 85, 4438 (2000)
. Armenddriz-Picén, C., Mukhanov, V., Steinhardt, P.J.: Phys. Rev. D 63, 103510 (2001)
. Armenddriz-Picén, C., Damour, T., Mukhanov, V.: Phys. Lett. B 458, 209 (1999)

. Garriga, J., Mukhanov, V.: Phys. Lett. B 458, 219 (1999)

. Sen, A.: J. High Energy Phys. 10, 008 (1999)

. Bergshoeff, E.A., de Roo, M., de Wit, T.C., Eyras, E., Panda, S.: J. High Energy Phys. 05, 009 (2000)
. Sen, A.: J. High Energy Phys. 04, 048 (2002)

. Sen, A.: J. High Energy Phys. 07, 065 (2002)

. Padmanabhan, T.: Phys. Rev. D 66, 021301 (2002)

. Padmanabhan, T., Choudhury, T.R.: Phys. Rev. D 66, 081301 (2002)

. Abramo, L.R.W.,, Finelli, F.: Phys. Lett. B 575, 165 (2003)

. Gasperini, M., Piazza, F., Veneziano, G.: Phys. Rev. D 65, 023508 (2002)

. Arkani-Hamed, N., Creminelli, P., Mukohyama, S., Zaldarriaga, M.: J. Cosmol. Astropart. Phys. 04, 001

(2004)

. Piazza, F,, Tsujikawa, S.: J. Cosmol. Astropart. Phys. 07, 004 (2004)

. Elizalde, E., Nojiri, S., Odinstov, S.D.: Phys. Rev. D 70, 043539 (2004)

. Nojiri, S., Odintsov, S.D., Tsujikawa, S.: Phys. Rev. D 71, 063004 (2005)

. Anisimov, A., Babichev, E., Vikman, A.: J. Cosmol. Astropart. Phys. 06, 006 (2005)
. Kamenshchik, A., Moschella, U., Pasquier, V.: Phys. Lett. B 511, 265 (2001)

. Bento, M.C,, Bertolami, O., Sen, A.A.: Phys. Rev. D 66, 043507 (2002)

. Deffayet, C., Dvali, G.R., Gabadadze, G.: Phys. Rev. D 65, 044023 (2002)

. Sahni, V., Shtanov, Y.: J. Cosmol. Astropart. Phys. 11, 014 (2003)

. Cai, R.G.: Phys. Lett. B 657, 228 (2007)

. Wei, H., Cai, R.G.: Phys. Lett. B 660, 113 (2008)

. Capozziello, S., Cardone, V.F,, Carloni, S., Troisi, A.: Int. J. Mod. Phys. D 12, 1969 (2003)
. Capozziello, S., Nojiri, S., Odintsov, S.D.: Phys. Lett. B 634, 93 (2006)

. Multamaki, T., Vilja, I.: Phys. Rev. D 73, 024018 (2006)

. Starobinsky, A.A.: JETP Lett. 86, 157 (2007)

. Sotiriou, T.P., Faraoni, V.: arXiv:0805.1726

. Lobo, F.S.N.: arXiv:0807.1640 [gr-gc]

. Nozari, K., Pourghassemi, M.: J. Cosmol. Astropart. Phys. 10, 044 (2008)

. Nozari, K., Azizi, T.: Phys. Lett. B 680, 205 (2009)

. Nojiri, S., Odintsov, S.D.: AIP Conf. Proc. 1115, 212 (2009)

. Horava, P, Minic, D.: Phys. Rev. Lett. 85, 1610 (2000)

. Horava, P., Minic, D.: Phys. Rev. Lett. 509, 138 (2001)

. Thomas, S.: Phys. Rev. Lett. 89, 081301 (2002)

. "t Hooft, G.: arXiv:gr-qc/9310026

. Susskind, L.: J. Math. Phys. 36, 6377 (1995)

. Cohen, A., Kaplan, D., Nelson, A.: Phys. Rev. Lett. 82, 4971 (1999)

. Fischler, W., Susskind, L.: arXiv:hep-th/9806039

. Li, M.: Phys. Lett. B 603, 1 (2004)

. Li, M., Li, X.D., Wang, S., Wang, Y., Zhang, X.: J. Cosmol. Astropart. Phys. 12, 014 (2009)
. Li, M., Li, X.D., Wang, S., Zhang, X.: J. Cosmol. Astropart. Phys. 06, 036 (2009)
. Engvist, K., Sloth, M.S.: Phys. Rev. Lett. 93, 221302 (2004)

. Huang, Q.G., Gong, Y.: J. Cosmol. Astropart. Phys. 08, 006 (2004)

. Huang, Q.G., Li, M.: J. Cosmol. Astropart. Phys. 08, 013 (2004)

. Gong, Y.: Phys. Rev. D 70, 064029 (2004)

@ Springer


http://arxiv.org/abs/arXiv:0805.1726
http://arxiv.org/abs/arXiv:0807.1640
http://arxiv.org/abs/arXiv:gr-qc/9310026
http://arxiv.org/abs/arXiv:hep-th/9806039

1126 Int J Theor Phys (2010) 49: 1118-1126

59. Elizalde, E., Nojiri, S., Odintsov, S.D., Wang, P.: Phys. Rev. D 71, 103504 (2005)
60. Zhang, X., Wu, F.Q.: Phys. Rev. D 72, 043524 (2005)

61. Guberina, B., Horvat, R., Stefancic, H.: J. Cosmol. Astropart. Phys. 05, 001 (2005)
62. Shen, J.Y., Wang, B., Abdalla, E., Su, R.K.: Phys. Lett. B 609, 200 (2005)

63. Wang, B., Abdalla, E., Su, R.K.: Phys. Lett. B 611, 21 (2005)

64. Wang, B., Gong, Y., Abdalla, E.: Phys. Lett. B 624, 141 (2005)

65. Wang, B, Lin, C.Y., Abdalla, E.: Phys. Lett. B 637, 357 (2005)

66. Guberina, B., Horvat, R., Nikolic, H.: Phys. Lett. B 636, 80 (2006)

67. Li, H., Guo, Z.K., Zhang, Y.Z.: Int. J. Mod. Phys. D 15, 869 (2006)

68. Almeida, J.P.B., Pereira, J.G.: Phys. Lett. B 636, 75 (2006)

69. Zhang, X.: Phys. Rev. D 74, 103505 (2006)

70. Zhang, X., Wu, F.Q.: Phys. Rev. D 76, 023502 (2007)

71. Wang, B., Lin, C.Y., Pavon, D., Abdalla, E.: Phys. Lett. B 662, 1 (2008)

72. Xu, L.: J. Cosmol. Astropart. Phys. 09, 016 (2009)

73. Sheykhi, A.: Phys. Lett. B 681, 205 (2009)

74. Sheykhi, A.: Class. Quantum Grav. 27, 025007 (2010)

75. Karami, K.: J. Cosmol. Astropart. Phys. 01, 015 (2010)

76. Hsu, S.D.H.: Phys. Lett. B 594, 13 (2004)

77. Granda, L.N., Oliveros, A.: Phys. Lett. B 669, 275 (2008)

78. Huang, Q.G., Li, M.: J. Cosmol. Astropart. Phys. 08, 013 (2004)

79. Bennett, C.L., et al.: Astrophys. J. Suppl. 148, 1 (2003)

80. Spergel, D.N.: Astrophys. J. Suppl. 148, 175 (2003)

81. Tegmark, M., et al.: Phys. Rev. D 69, 103501 (2004)

82. Seljak, U., Slosar, A., McDonald, P.: J. Cosmol. Astropart. Phys. 10, 014 (2006)
83. Spergel, D.N., et al.: Astrophys. J. Suppl. 170, 377 (2007)

84. Netterfield, C.B., et al.: Astrophys. J. 571, 604 (2002)

85. Sievers, J.L., et al.: Astrophys. J. 591, 599 (2003)

86. Benoit, A., et al.: Astron. Astrophys. 399, L19 (2003)

87. Benoit, A., et al.: Astron. Astrophys. 399, L25 (2003)

88. Efstathiou, G.: Mon. Not. R. Astron. Soc. 343, .95 (2003)

89. Uzan, J.P, Kirchner, U., Ellis, G.F.R.: Mon. Not. R. Astron. Soc. 344, L65 (2003)
90. Linde, A.: J. Cosmol. Astropart. Phys. 05, 002 (2003)

91. Tegmark, M., de Oliveira-Costa, A., Hamilton, A.: Phys. Rev. D 68, 123523 (2003)
92. Luminet, J.P.,, Weeks, J., Riazuelo, A., Lehou, R., Uzan, J.: Nature 425, 593 (2003)
93. Ellis, G.F.R., Maartens, R.: Class. Quantum Grav. 21, 223 (2004)

94. Caldwell, R.R., Kamionkowski, M.: J. Cosmol. Astropart. Phys. 09, 009 (2004)
95. Wang, B., Gong, Y.G., Su, R.K.: Phys. Lett. B 605, 9 (2005)

@ Springer



	Holographic Dark Energy in a Non-flat Universe with Granda-Oliveros Cut-off
	Abstract
	Introduction
	Holographic DE in Non-flat FRW Universe with GO Cut-off
	Numerical Results
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


